APPENDI X C

REASONABLY FORESEEABLE DEVELOPMENT SCENARI O FOR
O L AND GAS DEVELOPMENT | N THE
BUFFALO FI ELD OFFI CE AREA, WYOM NG

SUMVARY

Estimating how nmuch oil and gas activity wll occur on federal
acreage in the Buffalo Field Ofice Area (BFOA) during the next ten
years is at best difficult. It is expected that, with a few
exceptions, all public domain and acquired mnerals wll be
avai l able for leasing as indicated by the current |and use plan.
Separate estimates are given for |leasing, seismc, drilling, and
production activities during the next five to ten years. Coal bed
met hane (CBM is considered separately from conventional oil and
gas.

The BFOA i s i n northeast Wom ng
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|arge amount of interest in Figure 1 Index map of Woning

| easing and drilling. showi ng the l[ocation of the Buffalo
Field Ofice area (BFOA).

Federal oil and gas | easing from

2000-2010 i s estimated to average between 100, 000 and 500, 000 acres

per year. Average bids are estimated to be between $10 to $50 per

acre. |In the BFOA, during February 1990- August 1999 $83 nillion

has been received by the BLMfor federal oil and gas | ease bonuses.

The estinmated anpbunt that can be directly attributed to CBMis $51

mllion.

Seismc activity on BLMadm ni stered surface wll probably average

fewer than 10 surveys per year during 2000-2010. Most will be
t hree di nensi onal (3D) surveys rather than the 2D surveys that were
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common in the past. Mst seismc activity will continue to occur
i n Canpbell County.

From 2000-2010 federal non-CBM wells are expected to average
bet ween 25 and 110 per year, but could be as high as 150 per year.

The |l ocation of anticipated drilling activity is shown on the Ol
and Gas Devel opnent Potential Map (Map 1). During the next ten
years new nonCBM field discoveries will probably average between

five and ten per year with average field size being two to five
wel | s.

Q1 production in 1998 was 17 mllion barrels per year in the BFOA
Al though oil production may show mnor year-to-year increases,

overall it is anticipated to decline an estinmated five percent per
year during the next ten years, unless a nmajor oil play devel ops,
or prices increase substantially. Q| production from federal

| eases will continue to be about 50% of total oil production.

Gas production in the BFQA, including CBM has increased from1.7
BCFG nmonth in January 1995 to 5.1 BCFG nonth in April 1999. This
increase is due to expanding CBM production, and is expected to
continue during the next two to five years. Gas production wl|
then probably be nore or l|less steady for a few years before
starting to decline. Gas production, excluding CBM has declined
from 3.4 BCFE@ nonth in January 1986 to 1.3 BCFG nonth in January
1999. Al t hough there may be a few year-to-year increases, this
decline in non-CBM gas is expected to continue during 2000-2010.

Currently there are about 1282 productive federal non-CBMoil and
gas wells in the BFOA. Al though the nunber of producing oil wells
may i ncrease slightly year-to-year it will alnost certainly decline
over the next ten years. During the next ten years the nunber of
federal nonCBM wel | s abandoned w || exceed the nunber of federal
nonCBM wel I's drill ed.

Coal bed Methane Summary CBM gas production increased from 0. 28
BCFG nmonth in January 1995 to 4.57 BCFG nmonth in June 1999, an
aver age annual increase of 62 percent. During June 1999 14 mllion
barrels of water (1800 acre feet) were produced. Since February
1996 approximately $51 million have been received in federal |ease
bonuses because of CBM devel opnent.

Based on data from published CBM resource estimates (which wl|
probably be revi sed upward), as nmany as 70, 000 productive CBMwel | s
may ultimately be drilled, with as nmany as 35,000 being drilled by
2010.
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It nust be renmenbered that CBM drilling and production estimates
require accurate estimtes of the resource. CBMresource estinmates
are based on coal gas content neasurenents, in standard cubic feet
per ton of coal and coal thicknesses and tonnages per given area.

In the past, there were no accurate figures avail able for any of
these quantities. Only limted coal gas content nmeasurenents were
avai |l abl e, which were all obtained using procedures that have been
shown to be inadequate. The only coal thicknesses and tonnages
avai |l abl e were outdated and based on [imted data. As a result,
CBM resource estimtes made by both BLM and the m neral industry
have been markedly i naccurate. Planning and NEPA anal yses prepared
on the basis of these estimtes have failed, by a wide nmargin, to

anticipate the pace and extent of CBM devel opnent. The
deficiencies in data and resource estimates are discussed in
greater detail later in this report.

Federal and private efforts to obtain nore accurate, publicly
avail able data are presently underway. The 1999 Coal Resource
Assessnent prepared by the U S. CGeol ogical Survey (1999) provides
conprehensi ve and updated mapping and stratigraphy of the Fort
Uni on Formation and individual coal seans, and contains detailed
coal resource estimtes based on updated current data. In early
1999, BLM and USGS began a cooperative project to collect gas
content measurenments and other CBM data, using current industry
standard procedures, fromcoal cores donated by participating CBM

oper at ors. These data will support nore accurate gas-in-place
estimates, allow ng future planning and environnental analyses to
nore accurately predict CBMdrilling and production.

| NTRODUCTI ON

| npacts caused by oil and gas devel opnent, and inpacts to oil and
gas devel opnment cannot be assessed without estimating future oil
and gas activity. G/l and gas devel opnent activity is subdivided
into leasing, seismc, drilling, and production, wth a separate
estimate for each.

This scenario presents an estimate of future activity within the
BFOA, under exi sting BLMResource Managenent Pl an (the current | and
use plan), unless otherwise noted. It is assuned that all public
domain and acquired mnerals in the BFOA will be avail able for
| easi ng and devel opnent w t hout excessive restrictions except for
the foll ow ng areas:

1. Wlderness and w |l derness study areas (WsA), (only the
Fortification Creek WBA, 12,419 acres nostly in T. 52 N., R
72 W, has high oil and gas occurrence potential);

3
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2. Selected areas within federally approved coal m ne pl ans;
and

3. Womng Gane and Fish big gane wi nter ranges adjacent to
t he Bi ghorn National Forest.

Present and future oil and gas devel opnent in the BFOAis primarily
based on three factors:

1. Crude oil and natural gas prices (Figures 2 and 3) and
antici pated price changes,

2. Devel opnent of new plays, such as horizontal drilling in
t he Ni obrara Fornati on or CBMdevel opnent, or renewed i nt erest
in old plays, and

3. Advances in and application of technology such as
secondary and enhanced oil recovery, and 3-D sei sm c surveys.

These factors are cannot be predicted with certainty but sonme
general i zations are possible. The estimates presented here are
based on past trends and

anti ci pat ed future price $40

i ncreases.

Ol and Gas Prices The | 43 |

average annual change in oil L

prices for the Ilower 48 |3 oil Projections
states the was estimated to | ¢ g0 | —
range between -1.3 to +1.5 | 3 T
percent during 1996-2020 by |«

t he Ener gy Information | & sio0 -

Adm ni stration (1998); their

best guess is 0.4 percent per

year increase from 1996 $0 ST

| eve| S (F| gure 2) The 1975 1980 1985 1990 1995 2000 2005 2010

aver age U S. petrol eum - _ _ _ _
consunption is estinated to Figure 2 Historic oil prices and

increase 18 to 46 percent projections. QO prices are from Wom ng

. _ Ceo-notes. Projections are from Energy
duri ng 1.996 2020. Pet r ol eumI nf ormati on Admi ni stration.
consunption as a percent of
U.S. energy consunption is expected to increase from 38 percent
today, to 40 percent by 2020 (Energy Information Agency, 1998).
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The aver age annual change in
gas prices is projected to 44
be between -0.7 and 1.2
percent during 1996-2020,
wth the best guess case $3
being 0.5 percent. Fi gure

Gas

3 shows this projection. e
s $2
=
“
O L AND GAS PLAYS 51 Projections
Fifteen oil and gas plays in
t he BFOA were identified and
descri bed by t he U S. $0
Geol ogi cal Survey (Dolton, 1975 1980 1985 1990 1995 2000 2005 2010

et al, 1990). An oil and L _ _ _
gas pl ay |S an area Mere aFlgUre 3 Hi storic gaS prices and -

geol ogi ¢ formation contains proj ections. _Gas prices are from Wom ng

0i | and/or gas deposits. GeoNotes_. PrOj_eCFIOI’]S grefromEnergy
These plays are Surm,mizedInformatlon Admi ni stration.

in Table 1. Nearly all the oil produced fromfields wthin the
BFOA is fromthese plays. The percentages in Table 1 were neasured
fromthe maps in Dolton et al (1990). The anmount of undi scovered
oil and gas renmaining in the BFOA cannot be estimated from the
information in Table 1. For exanple, because of geologic
hererogenity, uneven distribution of resources, and reservoir size
variations, it cannot be assuned that if 20% of a play area is
within the BFOA that approximately 20% of the estinmated
undi scovered reserves are also within the BFOA Two plays not
mentioned by Dolton et al (1990) are the coal bed net hane (CBM gas
play and the N obrara Formation fractured shal e play.

Coal bed Methane (CBM During deposition and conpaction of the
organic material which ultimtely becones coal, |arge quantities of
nmet hane gas are generated. Methane gas produced from coal has a
| onwer energy (BTU) content than other natural gas produced in the
BFQA. Met hane nol ecul es are trapped by adsorption in the coa

mcro pores, and porosity.

The BFQOA contai ns sone of the | argest coal deposits in the country.
The nost extensive coal beds are in the Pal eocene age Tongue R ver
menber of the Fort Union Formation in Wom ng.

The approximate area of potential CBM devel opnment can be defined
based on depth to coal and coal thickness (Map 2). The CBMplay in
the BFOA was one of the nobst active gas plays in the country in
1998 and 1999. Initially wells were less than 500 feet deep and
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concentrated just west of coal mnes on the east side of the play
area. Over tinme well depths have increased; many wells currently
being drilled are nore than 1000 feet deep. To devel op the deepest
coals in the Tongue R ver nmenber wells may need to be drilled as
deep as 3000 feet.

In Cctober 1999 there were over -
1230 produci ng and 900 shut-in CBM
wells. CBMproduction for Cctober 6.0
1999 was 5.8 BCFG CBM production ‘o ,’
2.0 /

in the BFOA has increased an

aver age 62 percent per year during

the past five years. Figure 4 _‘_*’,dd,
shows CBM production from the 0.0 ‘ : :
BFOA. Production was limted by ey Jans Jans Jan- Jan-
pi peline capacity until |late 1999

when two trunk lines into the
Powder Ri ver Basin were conpl et ed. Figure 4 Coal bed nethane production
These new p| pe| i nes i ncreased for Buffalo Fi e! d Ofi ce_ Ar ea. The
capacity several fold. Based on anLage a””ga't!”crgasﬁ"k;?aLbed
Woning Ol and Gas Conservati on TEthane productton during ober
Commi ssi on dat a cumul ati ve coal bed 1994 ctober 1999 was 62 percent.
nmet hane production through Cctober 1999 was 110 BCFG

BCFG/month

Month and Year

Coal bed net hane resource estimtes by the Potential Gas Conmttee
(1998) range from 4,664 to 15, 859
BCFG (best guess is 9,329 BCFG for
CBM resources in the Powder River
Basin. These estimate i s based on 700
reasonable gas price scenarios. 600 -
The US Ceol ogical Survey also
estimated the coal bed nethane
resources in the Powder Ri ver Basin
but the estimate is several years
old and was nade before the play 200 1

began rapi d and ext ensi ve mo::i:::::::i::::::ziég:
expansi on. The U.S. GCeol ogi cal o T
Survey estimates appear to be too 1990 1992 1994 1996 1998
low and were not wused in this Year

anal ysi s.

800

500 -

400 -

300 -

No. of Wells

Coalbed
Methane

Fiqure 5 Wlls drilled in the BFQA

) . . . during 1990-1998. Mst wells
Figure 5 displays the drllllngIisted as “others” were drilled to

history in the BFOA during 1990- {ne shannon or Sussex sandstones.
1998. There was a general decline pata are from PI/Dwights.

in the nunber of wells drilled

t hrough 1994 t hen an abrupt increase due to CBMdrilling. As shown
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in Figure 5, nost drilling activity was in the M nnel usa play until
1994.

Ni obrara Fornmation Econom c devel opnment of the Ni obrara Formation
fractured shale play will alnost certainly depend upon successf ul
application of horizontal well technology. This play is currently
in it's infancy and is sonewhat hypothetical. Undi scover ed
reserves cannot be predicted wth reasonabl e certainty, except that
the potential recovery may be as large as several mllion barrels
of oil and associ ated natural gas. Although horizontal wells were
used to devel op oil and gas reserves in fractured shale reservoirs
i n southeast Wom ng, overall results have been disappointing in
the Powder River Basin. Unless there are a few economc wells
drilled, it is wunlikely that this play will have significant
devel opnent in the foreseeable future.

Ol and Gas Cccurrence Potential Projection of future oil and gas
activity nust first consider where oil and gas resources m ght
occur. To do this an oil and gas occurrence potential map was
constructed (Map 2). The oil and gas occurrence potential was
classified as H gh, Mderate, Low, or None. This classifications
i s based on geol ogy, data fromoil and gas test wells, and the play
areas described by Dolton, et al, 1990. The GCeol ogic Map of
Wom ng (Love and Chri stiansen, 1984) and the Structure Contour Map
of the Powder River Basin and Casper Arch, Wom ng and Montana
(Petrol eum I nformation, 1987) were also used extensively. Map 3
was drawn to show the occurrence potential of oil and gas and does
not i ndi cate whet her these resources can be devel oped econom cal | y.
Definitions of the occurrence potential classifications are given
on Map 3. Note that nost of the BFOA has high occurrence
potenti al .

LEASI NG
After initial field work, research, and subsurface mappi ng (which
sonetinmes includes use of seismc data), leasing is often the next
step in oil and gas devel opnent. Leasing may be based on
specul ation, wth the nost risky |eases usually purchased for the
| owest pri ces.

By statute, |eases on lands where the U S. owns the oil and gas
rights are offered via oral auction at |east quarterly. Lands
offered for | ease are listed by | egal subdivision (usually quarter-
quarter section) and conbined into parcels. The maxi numl ease size
is 2560 federal acres. The mnimumbid for a federal oil and gas
| ease is $2.00 per acre. An admi nistrative fee of $75.00 per
parcel is also required. Each successful bidder nust neet
citizenship and | egal requirenments. Leases have ten year terns and

7
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a 12.5 percent royalty rate. Leases sold conpetitively before
Decenber 1992, had five year terns. Leases which becone productive
are held by production and do not termnate until all wells on the
| ease have ceased production. Many private oil and gas |eases
contain a Pugh clause, which allows only the devel oped portion of
the |l ease to be held by production. However, federal |eases have
no such clause, allowing one well to hold an entire | ease.

In Wom ng, federal oil and gas |ease sales are held on even
nunbered nonths (except for April 1996), wusually in Cheyenne.
Parcels wusually contain 40 to 2000 acres. Parcel lists are
avai |l abl e about six weeks prior to the sale date. Since August
1996, only lands requested for |ease are offered. Before August
1996 virtually al

federal |ands avail able

for | ease were offered. 250
rederal oi | and gas Offre ot ntlased —__
eases contain 200 |

restrictive stipulations
whi ch pr ot ect ot her
resour ce val ues. 1501
The nunber of federal
acres in t he BFOA
offered for |ease, and
| eased, on a sale-by-
sale basis is shown in
Fi gure 6. Note the 0

. . Feb-90 Feb-91 Feb-92 Feb-93 Feb-94 Feb-95 Feb-96 Feb-97 Feb-98 Feb-99
abr upt i ncrease in

. Sale Date
acreage |eased during

the June-Decenber 1998 Fiqure 6 Federal oil and gas | ease sale results

| ease sal es. The for BFOA. Data are from BLMfil es.
increase is a result of

interest in CBM The additional acreage was nostly in Johnson and
Sheridan counties. Total bonus bids for each sale and the average
per acre bid for federal oil and gas leases in the BFOA on a sale
by sale basis are shown in Figure 7. Note the steady decline in
average per acre bid prices until Decenber 1995. The increase in
bids starting in Decenber 1995 and the substantial increase
starting in August 1997, are due alnobst entirely to increased
interest in CBM Since Decenber 1998 the anpbunt of acreage and
bonus noney recei ved has dropped substantially. This is probably
because nearly all available federal acreage is under |ease.
During 1997-1998, 675 | eases were sold conpetitively. the average
| ease size was 1004 acres, and 81 of the | eases were nore than 2000
acres in size.

100 A

Acres (thousands)
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From February 1990

t hrough August 1999 $16 $160
approxi mately $83

mlilionin federal oil = *] S [
and gas | ease bonuses $12 $120

was received by the

é $10 L $100 g
BLM for land in the |E Average Bid =
BFQA. An estimated |2 ‘\1 0o
$51 nillion was a @ L0 5
di rect resul t of |& <
| easing for CBM  Maps [
3 and 4 are contour $2 7 r $20
maps of aver age © .
dol | ar - per-acre bi ds Feb-90 Feb-91 Feb-92 Feb-93 Feb-94 Feb-95 Feb-96 Feb-97 Feb-98 Feb-99
compi |l ed on a Sale Date
Lg\SAP:hI P- b%/h_etsoewnsng‘lpg Figure 7 Federal oil and gas |ease sale results

' for acreage in the BFOA. M ni mum bid was

conpare feder ?" ol I $2.00/ acre. Data fromBLMfiles.
and gas leasing in

1995 and 1998. Note that nost of the leasing activity was in the
BFOA. Sal e-by-sale results of federal oil and gas | easing i s shown
in Figure 7.

The anount of federal oil and gas acreage under |ease in the BFOA
each year from 1985 through 1993 ranged from 2.3 to 3.4 mllion
acres. During 1988 through 1995, the anmount of acreage |eased
annual Iy in the BFOA decreased from301, 000 acres to 143, 000 acres.
In June 1999, 2.63 mllion acres of federal oil and gas were under
lease in the BFOA During 1998, 660,608 acres were |eased
conpetitively in the BFOA. As shown in figures 6 and 7 this anount
of acreage is unusually high. Maps 4 and 5 are contour maps of
average bids fromthe federal oil and gas |leases sold in 1995 and
1998. Lease results were conpil ed on a townshi p-by-townshi p basi s.
These maps show the dramatic change in leasing in the CBM play
ar ea.

Al though federal |easing increased sharply in 1998, and federa
| eases do not contain a pugh cl ause, the anount or federal oil and
gas acreage under |ease will probably not decrease substantially
after the primary |lease term (10 years) is reached. Mny of the
federal leases in the CBMplay area are very large (nore than 1000
acres) and the entire lease wll be held by production until the
| ast wel| ceases production. For nost |leases this wll be many
years beyond the primary term Because many | eases will be held by
production it wll be nore difficult for individuals to acquire
adequate acreage for drilling deals to drill the deeper horizons.

9
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This will probably suppress devel opnment of the deeper oil and gas
hori zons in the CBM play area.

The anount of federal oil and gas acreage under |ease during the
next five to ten years is projected to be between 1.5 and 3.0
mllion acres. The anount of federal oil and gas acreage | eased
annual ly during the next five to ten years is projected to average
bet ween 100, 00 and 500, 000 acres. Average bids on a sal e-by-sale
basis are estimated to be between $10 and $50 per acre. Because a
| arge anpbunt of federal acreage has been |leased in the past two
years the anount | eased during the next several years w || probably
be | ess than the 1990 t hrough 1998 aver age.

A long-termprice increase for oil or a new play could change the
pi cture substantially. If prices increase or if a new play
devel ops, the anobunt of acreage | eased, average per acre bids, and
total acreage under | ease would increase. Likewse if anticipated
price and play devel opnents are nore negative than anticipated
t hese acreage and dollar nunbers will be | ess.

SElI SM C SURVEYS
Seismc surveys on BLM adm nistered surface are authorized by
approval of Notices of Intent to Conduct Geophysical Operations
(NOs). From 1984 through 1998 t he nunber of NO s approved by the
BFOA nanager has decreased substantially (Figure 8). These NO s
are for BLMadm nistered surface only. Until a sustained oil price
in excess of $30.00 per Dbarrel
occurs the nunber of NAs wll

probably remain [ ow. However, it is 200

questionabl e whether a significant |

increase NO's woul d occur even with g0

an increase in oil price because of |3 ..

t he extensive seisnic coverage over |3

nost of the BFOA. Much of this data g so

could pr obabl y be reprocessed

instead of collecting new seismc 0

dat a. 1983 1986 1989 1992 1995 1998

During the past several years there Flaure 8 Approved Notices of
has been increasing interest in 3-D!Ntent to conduct geophysical

- . operations on BLM managed surface
seismc surveys. Al though these /" /. BFOA Data are from BLM
surveys are nore expensive thang; oo '
conventional 2-D seismc surveys,
t hey provide a three-di nensional picture of the subsurface. Mbst
3-D surveys have been over or near oil fields in eastern Canpbell
County where there is little BLM managed surface. However, the

success of 3-D seism c surveys probably will increase the nunber of

10
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NOs in the BFOA to nore than about 15 per year. Seismc data is
not generally used in the CBMpl ay, therefore activity in this play
i's not expected to increase the nunber of NOs in the BFQOA

In summary, during the next ten years NOs will probably average 15
or fewer per year. Mst of the seismc activity wll probably be
in Canmpbell County. It is unlikely that the nunber of NOs wll
increase significantly unless non-CBM oil and gas activity in
west ern Canpbel |, or eastern or southern Johnson counties i ncreases
substantially, however, this is not considered |ikely.

DRI LLI NG OPERATI ONS
Before a federal oil or gas well is drilled, an application (APD)
todrill nust be approved by the BLM Figure 9 shows the total and
federal APDs for 1985-1999. Approximtely 50 percent of total APDs
wer e federal and approximately 80 percent of the approved APDs were
drilled

Hi storical data indicate there
is a direct, but inprecise,
correl ati on between the nunber
of approved non-CBM APDs in the
BFOA and oil price. Al t hough
not shown her e, this
correlation seens to indicate
that a sharp increase in APDs
and wells should not be
expected until oil prices are
above $25 to $30 per barrel for
a sustained period of tine.

Tod

L o

Approved APDs
-uEEEEEY S

1990 1995 2000 2005 2010

z

Year
Data are fromthe WWOGCC and are for WOGCC approvals only.

Based on historical president,

It is estimated that during the FLaure 9 Approved non- CBM APDs and

projections through 2010. From 1985-

gﬁ)r(ltjalflavveeretloe trlﬁrrbe¥ea()rfs nt)ﬂ? 1999 there were 1397 federal and 2851
g total APDs approved. Data are from

CBM APDs, will range bet ween WOGCC and are for WOGCC approval s only.
100 and 300, and possibly be as

hi gh as 400 al though this is not |ikely unless oil prices increase
above $25-%$30 per barrel for at |east a few years. The nunber of
Federal APDs w |l probably average about 50% of total APDs.
Federal APDs will probably average between 30 and 150 annually.

The nunber of wells drilled to devel op CBMhas greatly exceeded t he

nunber of all other wells since 1996. This trend w il al nost
certainly continue during the next five to ten years. As nmany as

11
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70, 000 productive CBMwells may eventually be drilled with as many
as 35,000 drilled by 2010.

CGeneral areas of anticipated devel opnent activity in the BFOA are
shown on Map 2 (G| and Gas Devel opnent Potential Map). This map
was drawn based on past drilling |ocations, the oil and gas plays
outlined by Dolton, et al, (1990), daser (1992), federal oil and
gas lease sale results, and a general know edge of Powder River
Basin geology. This map shows the general areas of anticipated
drilling activity, exclusive of CBM during the next five to ten
years.

Di scovery of new oil and gas fields is a virtual certainty. The
nunber and size of newfields that will be discovered is difficult
to predict with a high degree of confidence; however sone estimates
are possible. As Figure 10 shows the nunmber of new oil and gas
fields di scovered has been sonewhat erratic but trends upward until
the 1981-1985 interval then trends downward. The nunber of new
field discoveries my have peaked in the md-eighties and is now
trendi ng downward. Most of the new fields discovered during the
next several years will be CBMfields.

The Si ze of new field 100 20

di scoveries as neasured by the Fields o
number of wells producing in |8 .5 | S
1997 shows a distinct downward |2 3
trend over tinme (Figure 10). |2 g o
This trend suggests that newy 2 0T 1'% ¢
di scovered non-CBM fields wll |2 >
average | ess than ten productive |z ?2° > 5
wells per field. About 20% of |= <
the non-CBM fields discovered 0 0
since 1980 are one well fields Before 51 66-70 86-90

that wll produce less than Discovery Year

30,000 barrels of oil and are Figure 10 Nunber of new oil and gas
pr obably uneconom c. Many of fields discovered and the average

the fields discovered since the number of producing wells (in 1997) per
m d- ei ghti es are productive fromfield Data are from WOGCC.

the M nnelusa Formation. These

fields typically have fewer than ten productive wells but usually
have rel atively high oil recoveries on a per-well basis.

Hi storical president indicates the nunber of new, non-CBM field
di scoveri es shoul d average between two and ten annually over the
next ten years. Average field size of new discoveries wll
probably be fewer than ten productive wells per field. Duri ng
1981-1990 an average of 16 non-CBM oil and gas fields were

12



APPENDI X C

di scovered annually in the BFOA. It is unlikely this pace of new
field discoveries will occur again.
These wel |, discovery, and field size estinmates are based on past

activity and nmay be | ess than what actually happens if price and
pl ay devel opnments are nore positive than anticipated. Likewise if
exploration in existing plays is disappointing, new plays are not
devel oped, and commodity prices are |less than anticipated, these
estimates nay be optim stic.

Coal bed Methane Wells CBM devel opnment is currently undergoing a
“boonmt in the BFQOA Figure 11 shows the nunmber of approved CBM
APDs, note the ten-fold increase since 1995. This “boont wll
al nost certainly continue for a few nore years, with the eastern
side of the CBM devel opnment area (Map 3) being devel oped first.
Because the western part of the CBM area contains a |arger anount
of federal m neral acreage

than the eastern part of
the CBM play area, delays 2,000 40%
in approving federal APDs
may slow devel opnent in . m
the western part of the| ,150| = aceee=- o | 30 S
ar ea. E Tota APDs (1999 estimated) <
<§: Percent Fed %
Based on nmaxinum CBM| @ ©
O 1,000 1 20% B
resources (15,859 BCFQ 3 N 3
estimated by the Potential | > 3
Gas Committee (1998), and| 5 / =
an average recovery of | & 507 V \[ g\ ====-==-= on " " 0% g
0.20 BCFGwel | a total of 5
as many as 70,000 CBM Federal (1999 estimated)
wells could be drilled 0 - %
during the Ilife of the 1990 1995 2000 2005 2010
play. Based on reasonabl e | paafromwosee Year
esti mat es for wel |

conpletion rates as many Fiqure 11 Total and federal approved APDs for
as 35, 000 productive wells CBMwells in the BFOA. Historical data are

may be drilled by 2010. fromWomng G| and Gas Conservation

. Conmi ssi on.
These estimtes may be
revised upward if estimates of recoverable resources are revised
upward as new and better data becone available. Figure 12 shows
one possible scenario for wells drilled annually and productive
wells in the BFOA. It nust be renenbered these are estimates based
on very inconpl ete data.
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4,000 40,000
: Producing Wells
Wells drilled annually g
> High
=
3 3,000 | + 30,000
c
< »
°© =
(] (5]
= =
[a) o
© 2,000 + + 20,000 5
T >
= Actual wells 3
() . =
2 drilled annually o
s (1999 estimated)
TS 1,000 | + 10,000
a
0 - : 0
1990 1995 2000 2005 2010 2015 2020

Data from Dwights/P| Discover database. Year

Fiqure 12 One possible scenario for CBMwells drilled annually and the nunber
of producing CBMwells for the BFOA. Projections are keyed to resource
estimates by the Potential Gas Conmittee, 1998.

Most CBMdrilling will be confined to the mai n CBM devel opnent area
(Map 2). However, sone CBMdevel opnent outside this area shoul d be
expect ed.

Figure 13 shows the estinmated

nunmber of active drill rigs

t hat would be required to drill | _ 80 Moderate
the wells shown in Figure 12. |g en - = -High
The assunptions used to |= 60 1 . - = -Low
calculate Figure 13 are listed |3

bel ow. g 40 -

Figures 12 and 13 were |5 o |

calculated from Potential Gas |3

Committee estimates and a |~ | Teeo T
Serl es_ of tec h.nl cal 2000 2005 2010 2015 2020
assunptions. The Potential Gas

Comrittee estimated the anobunt Year

of CBMpresent “... not subject Figure 13 estimtes for active drill

to the assunptions of the tinerigs required to drill wells shown in
of devel opnent of the resource, Figure 12.
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life span of the natural gas industry, or specific price to be paid
for the produced gas.” (Report of the Potential Gas Commttee

Decenber 31, 1998, p. 161). In other words the anount of
recoverable CBMin the ground was estimted, not the anmount that
will be recovered during a specific tinme interval. The estimates

in Figure 12 are reasonabl e based on the currently avail abl e dat a,
but will alnost certainly change as better data becone avail abl e.
It is reasonable to expect between 9,000 and 33,000 additional
productive wells will be drilled in the BFOA during the next ten
years. These well estimates may be revised upward if resource
estimates are revised upward. About 90 percent of the projected
activity is expected to be in the BFOA Assunptions and
met hodol ogy used are listed below 1. Maxi mumwel|ls were cal cul ated
by dividing assuned average per well recovery of 0.20 BCFGE well
(mnimunm into 15, 859 BCFG (nmaxi mum PGC estimate).

2. M nimum wells were cal cul ated by dividing assuned

average per-well recovery of 0.40 BCFGE well (maximum

into 4,664 BCFG (m ni nrum PGC estimate).

3. Completion rate for wells 0-1100 feet deep is 61

wel | s/year/drill rig.
4. Completion rate for wells over 1100 feet is 40
wel | s/year/drill rig.
5. Thirty percent of the wells drilled wll be deeper

than 1100 feet.

6. Estimated ultimate recoverable reserves are 15, 859
BCFG maxi num 9,329 BCFG nost likely, and 4.664 BCFG
m ni mum

7. N nety percent of the CBMreserves estimted by the
PGC are in the BFQA

8. Incline and decline rates for annual well conpl etions
were selected to generate ultimate well nunbers which
mat ch the cal cul ated wel | nunbers for high, noderate and
| ow well estinmates based on estimted ultimate reserves
and assuned per-well|l recoveries.

9. Curves for annual wells drilled were calculated to

approximately match the shape of the drilling history
curve for the “D’ and “J” sandstone play in western
Nebr aska.

10. Wells were assuned to be abandoned at the foll ow ng
rate: eight years 13 percent, 13 years 50 percent, 18
years 80 percent, and 23 years 100 percent.

CBM devel opnent forecasts for previous planning and environmnent al
anal yses in the Powder River Basin/BFOA have been inpaired by a
| ack of adequate data, in particular by inaccurate estinmates of
gas-in-place. The primary nethod of neasuring gas content in coals
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i's by nmeasuring gas desorption fromcore sanples. It is now known
t hat nmeasurenents obtai ned by early CBMdevel opnent activities used
procedures that allowed substantial errors to occur.

Recent research by the Gas Research Institute (Mavor and Nel son,
1997) docunents a variety of errors that can affect estimates of
in-situ gas content. The following primary errors were identified:
use of drill cuttings rather than cores to estinmate gas content,
resulting in errors of approximately -25% conducting gas
desorption neasurenents at anbi ent rather than reservoir
tenperatures, resulting in errors of approximately -60 to 70% in
| ost gas cal cul ations and -30%in total gas cal cul ati ons; and, use
of incorrect average coal densities, resulting in errors of
approximately -10 to 13% The publicly available data from the
early projects indicates that sone of the desorptions were nade
fromcuttings rather than cores, and that the core desorptions were
conducted at anbient rather than reservoir tenperatures. Density
| ogs were generally collected, however, their uses can not be
determ ned fromthe records avail abl e.

Qur current knowl edge indicates that the wearly <coal gas
measur enents, on whi ch devel opnent forecasts and
pl anni ng/ environnental reviews were based, used procedures that
were technically incorrect. The nmeasurenent errors that were nmade
systematically underestimated the in-situ coal gas content. As a
result, gas-in-place estimates inevitably underestimted CBM
resource volunes, nmeking accurate projections of drilling and
production i npossible. Until better data are obtained, we can only
state with certainty that CBMresource estimates will increase and
drilling and production will exceed expected | evel s. The nagnitude
of these increases can not be determned with the data presently
avai l able. G ven these uncertainties and previ ous experience with
CBM devel opnent, it is probably prudent to plan for the higher
| evel s of devel opnent, as shown in Figure 12.

The BLM Reservoir Mnagenent Goup - U S. Ceological Survey
cooperative coal bed nethane project is currently collecting nore
accurate gas content data. Continuous cores of entire coal seam
t hi cknesses are being desorbed using current industry standard
practices, including desorption at reservoir tenperatures and
di rect density measurenents of coal core sanples. Wen these data
are avail able and analyzed, beginning in md-to-late 2000, nore
accurate estimates of gas-in-place can be nade and nore reasonabl e
devel opnent forecasts can be derived.

Hori zontal Wells Horizontal drilling results in the BFOA have been
di sappoi nti ng. However, if future attenpts are successful in
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exploiting oil and gas reserves in the

Ni obrara or other formations, horizontal | Qs
drilling in the BFOA could rise abruptly. | 8 CBM
Because of this uncertainty, estimates of | £ 4 |
horizontal wells drilled per-year range | £
fromtwo to ten or higher. B 2 | on-CBM \,
2

O L AND GAS PRCDUCTI ON o %0 =
Ol and gas production from & °2° \/\
wells on federal, fee, and @ 39 N/~ "\
state minerals is shown in S5 2° — \ i
Figures 14 and 15. Ol |3 g ig Federal s
production during 1984-1991 |3~ 1o \__,\7\7
was relatively stable but has |2 5 | ., Fee
declined sharply since 1991. |= Bblalds —
The decline averaged eight © 0 P
per cent per year from 1991- 1974 1978 1982 1986 1990 1994 1998
1998. Dur i ng 1990- 1995 oil Data from PI/Dw ights and WOGES.ar

production from wells on

federal minerals averaged 51 Figure 14 Gl production from federal,
per cent of the total oi| fee, and state wells in the BFOA

pr oducti on.

Ol production wll probably continue to decline about five to
ei ght percent per year unless |arge new discoveries are nmade, or
thereis along termincrease in oil prices. An oil price increase
woul d stinmulate the search for new deposits, allowold fields to be
produced | onger, and allow i ncreased use of enhanced oil recovery

(EOR) nethods. |f inexpensive
carbon di oxi de becones
avai | abl e then EOR woul d al so 60
be nore likely. It is |2 50
however, unlikely that annual § 40 | \Total
oi | production wl| again |8
reach 30 MMB. & 301
é § 20 {Federal
Gas production has been nuch |3 —\J\/\\/
nore erratic (Figure 15). | 9] Fee\/\
Total gas production declined | ¢ 0 FRAle e
53 per cent from1987-1994. I n o 1974 1978 1982 1986 1990 1994 1998
1994 CBM was onl y 12 percent |pata from PI/Dwiahts and WQGEC.

of total gas production in the

BEQA. The gas production Fiqure 15 Gas production from federal,

decline was reversed in 1995 fee and state wells in the BFOA.  The

due to i ncreasi ng CBI\/Iabrupt i ncrease since 1996 is caused by
- CBM pr oducti on.

producti on. Tot al gas
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production i ncreased 21 percent per year since 1994. This trend is
expected to continue.

Total gas production will increase substantially over the next
three years due to CBM devel opnent. CBM production from federa

| eases will increase at a faster rate than total CBM production
Federal CBM production is only about 15 percent of the total CBM
production in the BFOA (Figure 16). Eventually federal CBM
production should increase to about 50 percent of total CBM
production. During Cctober 1999, CBM wells in the BFOA produced
5.96 BCFG

Large quantities of water are produced with CBM During June 1999,
3.4 barrels of water were produced for every MCF of CBM Thi s
rati o shoul d decrease over tinme because water production generally
declines during the life of a CBM well. Figure 17 shows water
producti on associ ated with CBM production in the BFOA. During June
1999, 14 MMBW (1,800 acre feet) were produced in the BFOA

The total nunber of non-CBM producing wells in the BFQA increased
from 1978-1984, but has decreased since 1990. The nunber of
produci ng non-CBM wells will probably continue to decline during
the next five to ten years. During 1990-1995, about 50 percent of
the total producing wells in the BFOA were federal wells. During
1990- 1994, 58 nore non-CBM federal wells were abandoned per year
than were drill ed per year.
This trend is expected to
continue but the nunber of
wel I's plugged in excess of

15 15

12 1 {12 the nunber of new wells

£ = drilled Wi | | pr obabl y
§‘§ . L é decr ease.

%g % It is anticipated that

2§ © 6§ during the next five to ten

g~ years the total nunber of

3 | 15 producing non-CBM wells

will continue to decline,

o | ‘ | | . al though there may be a few

Jan-90 Jan-92 Jan-94 Jan-96 Jan-98 year-to-year I ncr eases.

The nunber of productive
federal wells will probably

Figure 17 Water production associated with average about 50 percent of

Month and Year

CBM production in the BFOA. One nillion total productive wells.
barrels of water is equivalent to 129 acre
feet. Data from WOGCC. CONCLUSI ONS
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A “booni in CBMdevel opnent is currently underway in the BFOA. Gas
production has increased sharply and will probably continue to
i ncrease sharply for the next fewyears. QO and gas devel opnent,
exclusive of CBM w Il continue to slowy decline. G| production
wll continue to decline. Seismc activity as neasured by the
nunmber of approved NO's, has increased fromthe lowactivity |l evels
of the early 1990s but wll probably not go nuch higher. The
anmount of federal acreage under |ease has increased substantially
since 1997. Because federal |eases do not contain a pugh clause
much of the federal acreage under lease in the CBM area wll be
hel d by production for many years after the primary | ease term
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GLOSSARY

Abandon To cease producing oil and/or gas froma well. This may
i nvol ve several steps: one or nore cenent plugs are placed in the
borehole to prevent mgration of fluids between the different
formati ons, equipnent is renoved, and the wellsite is reclainmed.

Acquired Mnerals Mneral rights that were patented into
nonfederal ownership and were later reacquired by the United
States. In the Thunder Basin National Gassland this was through
Title I'll of the Bankhead-Jones Farm Tenant Act of 1937.

APD Applicationto drill an oil and gas well. For a proposed well

on federal surface an APD nust be filed with and approved by the
Wom ng G| and Gas Conservation Comm ssion and the Bureau of Land
Managenent .

BCFG Billion cubic feet of gas.
BLM Bureau of Land Managenent, U. S. Departnent of Interior.

BOPD Barrels of oil per day, this is usually the unit of neasure
for oil production at the well head. One barrel is 42 U. S. gall ons.

BCE Barrels of oil equivalent. Gas volune is converted to barrels
of oil according to sone ratio often 6:1

BFOA Buffalo Field Ofice area, conprised of Canpbell, Johnson
and Sheridan counties, Wom ng.

CBM Coal bed nmet hane, natural gas originating fromand residing in
coal beds.

Devel opnent Potential Q1 and gas devel opnent potential s are based
on estinmated average drilling density and are defined as foll ows:
H GH - over one wel | / t ownshi p/ year, MODERATE—- 0. 2 to 1.0
wel | s/t ownshi p/ year, LOW-less than 0.2 wells/township/year, VERY
LOWM- less than 0.02 wells/town ship/year, ZERO -no drilling.

Dry Hole An oil and gas well that did not encounter economc
quantities of oil or gas when it was drilled. Dry holes are
usual ly plugged within a day or two after the target depth is
reached.

Enhanced G| Recovery (EOR) A process where chem cals such as
surfactants or carbon dioxide are injected into the reservoir to
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mx with the oil so that additional oil can be recovered.

MBO Thousand of barrels of oil

MCFGPD Thousand cubi c feet of gas at one atnosphere pressure, this
is usually the unit of neasure for gas flow at the well head.

MVBO MIlion barrels of oil
MMCFG M lion cubic feet of gas at one atnobsphere pressure.
NEPA Nati onal Environnmental Policy Act

NEPA Process A procedure involving environnental analyses and
public comrent whereby managenment of natural resources may be
changed.

New Field D scovery Awell, usually a wildcat well, that discovers
a previously unknown oil and gas field.

Cccurrence Potential H GH-There is a denonstrated exi stence of
petrol eum source, reservoir quality strata, and traps. Areas of
hi gh potential have di scovered oil occurrences or free oil recovery
fromwell tests. MODERATE--There is direct or indirect geol ogical
evi dence that petroleum source, reservoir quality strata, and
trappi ng nmechani sns are present. Discovered occurrences are not
present but there may be shows of oil in core or drill stemtests.
LOWM-There is geological evidence that a petroleum source,
reservoir quality strata, or trapping nechani snms are not present.
NONE- - There is a denonstrated absence of a petroleum source,
reservoir quality strata, or trapping nechani sms. Denonstr at ed
absence neans physical evidence docunmented in geol ogica
l[iterature

Ol and Gas Field A natural accunulation of oil and gas in the
subsurface. Q1| and gas nay be present in two or nore reservoirs
at different depths.

Ol and Gas Lease A federal oil and gas lease is a | egal docunent
that gives the | ease holder the right to explore for and devel op
any oil and gas that nmay be present under the area designated in
the | ease while conplying with any surface use conditions whi ch may
have been stipul ated when the | ease was issued.

Ol and Gas Reservoir A geol ogic | ayer containing hydrocarbons and
enough porosity and perneability so that the hydrocarbons can be
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pr oduced.

Pl ay The geographic extent of an oil and/or gas bearing formation
or interval.

Public Domain Mnerals Mneral rights that have al ways been the
property of the United States.

Pugh Clause A term in an oil and gas |ease that prevents a
productive well from holding acreage not allocated to that well.
In other words if well spacing is 40 acres/well, one well cannot
keep nore than 40 acres of the oil and gas |ease from expiring
after the primary termof the | ease.

Secondary Recovery A process whereby pressure in an oil and gas
reservoir is artificially maintained or increased so that nore oi
can be recovered. This is usually done by injecting water or
natural gas into the reservoir.

Spud Begin drilling a well.

TBNG Thunder Basin National G assland.

USFS United States Forest Service, U S. Dept. of Agriculture.

Wldcat Wll An test well drilled for the purpose of |ocating an
undi scovered oil and/or gas field.

WOGCC Womng Ol and Gas Conservati on Conm ssion
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Table 1 Sunmary of all the oil and gas plays evaluated by Dolton et al (1990). The reader is cautioned fromestimating
undi scovered reserves in the BFOA based on this table.
Tot al Pl ay % of % of No. of Esti mat ed
Pl ay Area in Pl ay BFQA in fields Reserves
a1l and Gas Pl ay area BFOA Area in Pl ay Remar ks
BFOA Area MVBO BCFG
Basin Margin Anticline 8.12 1.37 16. 9% 18. 6% 5 24 21 Expl orati on nearing conclusion, future discoveries
probably in small subtle traps.
Basi n Margi n Subt hrust 2.12 0.54 25.5% 7.3% NA NA NA Geol ogic data limted, accurate prediction of
future reserves or field sizes not possible.
Dakot a 18. 63 0.77 4. 1% 10. 5% 21 158 158
Deep Frontier 5. 47 0. 85 15. 6% 11. 6% 6 37 100
Lakot a 21.21 4.06 19. 2% 55. 2% NA NA NA Undi scovered fields are probably small.
Leo 8. 05 0. 30 3.7% 4. 0% 60 110 30
Mesaverde & Lewi s 7.99 3.41 42. 7% 46. 3% 10 66 91
(stratigraphic)
M nnel usa (total) 17.01 3.22 18. 9% 43. 7% 165 822 203 In explored area nost discoveries will be fields
with 3MVMBO or less. In unexplored area field size
M nnel usa (expl ored area) NA NA NA NA 26 48 10 will be simlar to explored area.
M nnel usa (unexpl ored area) NA NA NA NA 139 775 194
M nnel usa (| ess prospective) 4.93 0. 00 0. 0% 0. 0% NA NA NA
Mowry Shal e 11. 63 3.96 34.1% 53. 9% NA NA NA Li ghtly explored, possible |arge nonconventional
resour ce.
Muddy (total) 21.25 4.04 19. 0% 55. 0% 39 441 1298
Muddy (expl ored area, shallow) NA NA NA NA 10 60 82
Muddy (unexpl ored area, deep) NA NA NA NA 30 381 1216
Shannon narine shel f 8. 40 4.07 48. 4% 55. 3% 20 128 103 Sx & Sh conbi ned
Sussex marine shel f 10. 77 3.46 32.1% 47.0% | (conbi ned w shannon)
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Map 1 G| and gas devel opnent potential map for non-CBM wel |l s
in the BFOA. Devel opnent potentials are based on estimated
average drilling density and are defined as follows: HI G4 -over

1 wells/townshi p/year,
LOW-less than 0.1 well/townshi p/year,
ZERO--no drilling.

wel | / t ownshi p/ year,
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Natrona Converss Niobrarn

Map 2 Approxi mate coal bed net hane (CBM devel opnent
area. The boundary is based on depth to top of coal,
t hi ckness of thickest coal, CBMwell |ocations, and
federal oil and gas | ease sale results.
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Map 3 G| and gas occurrence potential map of the Buffalo
Field OOfice area. Definitions of occurrence potentials:

H GH-There is a denonstrated exi stence of petrol eum source,
reservoir quality strata, and traps. Areas of high potenti al
have di scovered oil occurrences or free oil recovery fromwell
tests. MODERATE--There is direct or indirect geol ogical

evi dence that petrol eum source, reservoir quality strata, and
trappi ng nmechani sns are present. D scovered occurrences are
not present but there may be shows of oil in core or drill stem
tests. LOW-There is geol ogical evidence that a petrol eum
source, reservoir quality strata, or trapping nmechani sns are
not present. NONE--There is a denonstrated absence of a
petrol eum source, reservoir quality strata, or trapping
mechani snms. Denonstrated absence neans physical evidence
docunented in geological literature.
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Map 4 Contour map of average dollar per-acre bids
from 1995 federal oil and gas | ease sales. Data
were conpiled on a townshi p-by-townshi p basis
fromfederal |ease sale results. Contour
intervals are $2.00, $10.00, $50.00 per acre.
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Map 5 Contour map of average dollar per-acre
bids from 1998 federal oil and gas | ease sal es.
Data were conpiled on a townshi p-by-township
basis fromfederal |ease sale results. Contour

intervals are $2.00, $10.00, $50.00, $200.00 per
acre.
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